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Simulation of the GHG Emissions Impact on Climate Change from Radish Field
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Abstract

This study was conducted to predict greenhouse gas (GHG) emission from a radish field by future climate change scenario. A radish field located at
Chuncheon-si Gangwon-do was selected, and A1B Special Report on Emission Scenario (SRES) of the IPCC (Intergovernmental panel on climate
change) was applied to simulate the future potential climate change. Rainfall and temperature data were predicted to be increased by 8.4 % and 1.9 % in
2040s, 35.9 % and 27.0 % in 2060s, 19.2 % and 30.8 % in 2090s, respectively, compared to the climate data in 2010s. The N>O, CO,, and CH4 emission
were estimated to be increased by 0.4 up to 2.4 kg/ha/yr, by 500.5 up to 734.5 kg/ha/year, and by 29.4 up to 160.4 kg/ha/yr, which were resulted from the
global warming potential (GWP) of 14.5~21.7 COx/ha/year caused by the amount changes of rainfall, temperature, manure amendment, and fertilizer
applied in fields. One distinct feature of the study result was that the changes of N>O-N, CH4-C and CO»-C with future potential climate change
simulation were varied by soil texture. Therefore it was concluded that there is a need to apply appropriate amount of manure amendment needs and to

consider soil texture as well.
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184]7] 0] % 2A7FA0 tf7] F 57t 583k wA = of
EQlom, 2AVEAR Ql8f| A2 tele} 7| stof g
P FAL I o|A | 7| FHEE e 2 AE 2
7}~ (greenhouse gas)2} F21, | tf7| = 24 78 %,
2221 % ZLe|al U x| o} 23T, o] AlslekAy, 4257] Fo]
% = AHARITE UN 7| 319 oR2- o] 4h3hekas (CO), il
& (CHy), 0P 4> (N20), 4=318H4s (HFC), Y=3fet
4> (PFC), SE31% (SFo)= 2134 2A7FA R A okl Qick
olF FUA G HiEE = A7t E TA ol4lEieA,
ek 18|31 opAES}R A & 37)] o]t} (Gregorich et al. 2005).
£5], opIBFALL AT AA| LATIAY 57 %7} 71 F0
= HiEETH(IPCC, 1997). of7]A, T FollAl viEs =
AT T oA A Y] B FE= 2008 VR0 R
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321.8 ppbol A - LxtalaA 8L o] Atslekae) 3100
(e 21 o] o] 22 FAIE 4= gz S A 7hsol e ot
S120] WjE-2 2Agtol ofat AEsky vET vy
ISR FLEEw, & &S 5 3Ss IHgolA] WAsk=
M E5HA] vlj&o]t} (Bouwman et al., 1995; Mosieer et al.,
1995). 5 H-Fol|A AMEEl= AaE 3| 5o} 7HEE
202 M oIS A (T EHE 714 A7)
5% oAk 7] o181 Q= A0 2 W 73k 9Tk (IPCC, 1996).
CAST etal (1992)2 tj7| 50 2 vj& L= ofAksl A A 0] &
v Foll A 13 %= 578 A9 3leha] & Algof o3t &
ojgfar Hargt vl §lom, w7 X|of| A th7| = vijEE = ot
3Ha 0] 81 %7t AlGE AaH]| =] o] viEH Tl Hal
¥ v} Qle} (Iserman, 1994). o]efdo] 57 x| of| 4] ARg-3t 2
a7t dE Yot Atk o] FH 2 AlSH Aa o) SR
o} 7|17, B, B2, AR, | Sofl whf 2jo]
7} Ak

SEuehs 2020 @7HK] 9] 2A7EAS WS S REES
HiEHA] (BAU) tH] 30 % 2 A el whet 5 F-zel
A m7PAE g8 4= Qlis AV ST S Y
Shal v Aol Had o Sl 1o A o] AJggt 47 o]
o} U 8, v, f7)E e 5 s ol weh 24
7k 5818 glole 2AVIA iSRS Y 5= 7]l o
o H7F2ATA EE At A 0 2 A S A%t
o
=

&S 4~38e 4= @It} (Rural Development Administration,
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2010). =1 <] 7]} A At A0 Eke] eklo]
+= "7 AIE 712dl CHa, N2O 59 A} 22 dafe}
7] COrat= 571l w2 5P el A 9] ®3t |5+ (Lee,
2005), $HEF0] 2A7FS A7 2E B7F (Ministry of
Environment, 2000), £-73 7| Ao A 2ARYSH= A7
Hll&%F A} (Korean Society for Atmospheric Environment,
1999) o] 247k wiEsd A 9 B4 75
(Ministry of Environment, 2002), W53 A] 4, slHlAlAd, 4
ZEA o A vl E = A7 vlERE Ao T T]EA
T-2] &4 (Jeon et al., 2007) Fo] R = A}, 12t 7] A
T ST AR A 8- 2 s of| A A7k A%
3} Pl el 7] ofol ) gk Abeolch. wehA 5
ZAX] oA WA Sk 27k 0] AR A7) et A o]
o, o5 o83t A7 M EEAS EAE F et ik

e FAA 27 wlETE Brkel] flsiAle Al
529] 1% ZALE B8 ]a B soslAlRt B A7l
AAH FA7E R ol el B ATAEE
Denitrification-Decomposition (DNDC) X d-& &85} =
Za A oA A Sl 247 vl E RS ol &5t (Dai et al.
2012; Follador et al. 2011; Gregorich et al. 2005; Wang et al.
2011). DNDC 2 @& EQF & A0} T 0] S8t S &
ofo] oyl A a3} Bl ofak ofakabal e vl e
T 2HE0) 3ie] 25t Eofof ofsf uiE == ol4tahekas vy
S A55E7] el 7= Ak Kwack et al. (2011)2 =
2} vl A A= N,0 v &S AP 8=t)| Denitrification-
Decomposition (DNDC) 2d-Z 0]835} 9, Li et al,
(2014) & T FHA 99 HF Au A <oflA o] it
1EE 61317] $J5}%] DNDC 222 olgalo] mojels]
o, ZLeluh FolAE Ao WAlshs 2471se)
%) @177} vl ek Agolu, uje) 713 el e S
A o] A7 uj ST O] g o] o] 2| 2] il

ojof] & Aol A= A Al A7 ol A 2
Ak 5 A RE BHe] QJeiateto] DNDC Hel of
gao] LA MjEEES melsla, 7|5l T o
K9] LAIZRA vl ETF MRS B4 5kaLAL sFYlTt EEE 24
72 v S Aol uhE A7k Webe Bk}t sl
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E] (Climate change information change, CCIC)o{|A] 24 A}
=70} 7|5 AL R E Als ol 2A s3I, 7] RSk Al
9= 37| Representative Concentration Pathway (RCP)%}
SRES Alute] 27} It} I+ Aluhe] 2= 57 HH 919k A7H €]
e g7l o] whek AR A AL, S AYALE,
A AP AR, T12aL 7|9 S3kA] e R g ok 1
U713 o) bR A &2 Ho | BAE sto] A5 &85}
ofof SEARE RCP AJU2] 2.9] 79 IHARIR S Algstal 3l
A] ¢rol Ho| A 915 AT $17E S-56HA] ¢, SRES
AU @ 5 A AR 7|5 SR AU o
It AAbR Alube] @ Hok AR 9] e =T H
o| R} s oA AEsHA] gt 2 AFtollA= SRES
AlB AU 2 5 it ARtaE AAsto] BA418HI
AIB AJLt] 28] 49 B2} 027 kmol ], Al 7}
A2 Rk AU 2 2 W A7 A S ofsl) AR IS
t} (Kwon et al., 2008; Park et al., 2010; Yun et al., 2011).

717378 Atme EH E A A AR H AL, A
2 9] gjo]E]E 2020s (2010~2039), 2050s (2040~2069),
2080s (2070~2099) 0.2 JLES}o] njg 9] 7+ 7]-29]
HIE B4 AU Ak A7) AR 0]
7] 918l A 32 (1980~2011) A=5 ©]-8-5fo] HolH A
(Bias Correction) 3}31 01, 2A17}A Hojo] QlExia g &
g3ieint

2. DNDC 2!

Fig. 12 New Hampshire t&F2] 2|7, cfjoka} &5 o124
ol A Al-5-%F DNDC =24l (ver. 9.5)2] 7Fo]=2felofA] 2
3 DNDC ®2dlo] qtzo|ch DNDC 298 Fig. 13} Zro| gt
2(C)9} A ()] XIS <2013} AJelE Aol 2
TS BT, 2, 59 el o} o] g seky
2ol 792 & 2lo]ck DNDC 22 5 /o] 4o s
A EIo] gzt R WA TR R4 mobl4a o) A
A5 ol o) Freles QR S, pH, ASHHA
91 (Eh) &} e 25 (o): 715, B, Al Q1914 2o 9f
o WHAY)5-2] WSk axof whef K ofgith WA A e
Ak g Wby B wel 2 o]4ke}EkA (COy), WiEt (CHy),
Yol (NH;), AaABHE(NO), oMbk s (N20) 9 o]
A4 (No) 9] HiE=S 2 ofgiet

25 w7 M) IE2 AES A5k Sl AREATE
JEAY AT 4= Q). A= v W= 2o AR, Bt

| QUi G| (CN), AEA =2 25, & L8[k A
e o= TR AHEo] A dHEE FA2E, Aa
T, it 2E g 20 ol ojETh o] gt 2HE w7l
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The DNDC Model
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Fig. 1 Structure of the DNDC model (http://www.dndc.sr.unh.edu)

T AREAZE prompt =& tiAASE 7S 4
517] fl5to] AREAR] 1 QI o] Ao g 4= Stk
4:0] 2HE 2 QT A A= SR A=) Do 7
Wik 7|02 Alsh, 8} 5 3ig] vlo] Quj A= BEQF
of A =w, F7-2-2] 79 AA| 1587 ol -2
7R B ko) ZtolEo| Y= A 02 ARgAL A T =
o, W H-e-0] Ff Edor HojEo| e Aoer 4
&= Qlck

DNDCo|A] 4712]9] =2 EFR7 =4S Edf7|ea
O] 2 T U E ALY, u| g & Hio] Qi &, gy FLA
Z (humads) 18]1 H|ZA] FA12 (passive humus) 2 -5
o= Qlek Z442He] = e AW T 7l = 3709 hekRt -l
& 7 e E A E 1L 79 fmyof 9t
< B & 84 (&5, 9, pH) 59 200 B4 o
o] Yol sieof ol 2 F T T12|il KElo] Ko
oA F714d e o] Thatet fE Al B AW 9] 4
2 e TR olibehd A RS Ao =4 oS3t 9
7178 7 571 A8 el lEe A, S, e Y
S GAES ol F71A vl E o
o}, ey @714 A7 a9 2714 niAls= el
EAEC] A o2 IS FolA Hrk

3. &o| 2AItA HIEZO|

DNDC 2d& o]-8-510] 1A 109 9] 247k &=t
7|15 ¥ Slof] whE 2020s, 2050s, 20805 2] 2471 HlES5-S
LoJElGit 247 iSRS sty flsto] AtA|4
o e JYAtm (7%, A=A, ESEAE $E TS5
t}. 7|2k 7E 7] Ste] o EARE AbR (Fal2, F
AL, ) E dYAtRR ZEalon, EgAtRE gt
LEFARAAE (http://asis. rda.go.kr/)o| A A|F5= A}
2o} At A oA EARE AR E o]-&5to] ) A= E
TEsHAh ER AR A 2710 Y A F AR
A A Fegst FLHA Appet v, o, vm 9
AG A Y 7I12ARE ol8ste] 1Yl o xtre &
Bkt 2A47FS SR O E 913t Y A== Table 1~2
oF Zth Table 12 AR ol A AA| 28 2 743 2=}
ol Table 2= Aui2tz, EYEA, -4, vl=et A
5 Y Fsiol weh Mslehs 2AVEA viES o
517 Q13 AR 2 S-E-5I3IT - A2 7]E YA}
25 B2 Ao vE" S A AT S, A E Y
20| T4, ESEAI O gt 5= 75k 247 (N:O,
CHa, CO» 5)2} net GWP (A543} 7 =) wjEo] 2
¥} gk HIkE B4R o714 YEhd GWP= CO», CHy,
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Table 1 Characteristics of the field experimental site in this study

Climate
Site Latitude N concentration in rainfall (ppm) Atmosphe:ocn'b?g;i;ound C0.
Chuncheon 37 1.6 395.7
Soil
Land—use type Bulk density (g/cm’) pH SocC
Sandy loam 1.54 56 0.013224
Cropping
Crop Tillage Fertilizer (kg/ha) Manure (kg/ha)
Radish Ploughing with moldboard Uﬁi;:é%ﬁ 1,800

Table 2 Input field management data for analysing GHG emission
under different cropping system

Soil Cropping
Land—use type Crop Tillage
|
fj;‘:\y ;:nrg Ploughing with
) v Radish moldboard
St loam Only mulchin
Loam B 9
Cropping

Fertilizer (kg/ha) Manure (kg/ha)

Urea : 350—15 Nitrate : 96
Urea : 20015 Nitrate : 96

Urea : 500—15 Nitrate : 96 12&7388
Urea : 350—15 Nitrate : 50 éOO

Urea : 350—-15 Nitrate : 150
Urea : 350—-15 Nitrate : 200

N>O 2] ulj&Fo] tiglnet balance S 257 CO, A= O 2 3}
ARet ko 2, CO, v &7 18l, CH,y viE-2- 2181, N,O
Hi &S 31081 S H5to] gk Fho = Age] Hrt (IPCC,
1996). T3t 24171271 CO,2} ] 15}o] 2|21 5tof| 7]
gh= AEg Uehlls 2o R 2213t EA4o thA 7]
g BRI AlgS A 4= Q= S nhAsk=T] A

g,

M. Zat & 0H
1. AlLt2| 20 23t 7|=Hst

SRES A1B AlL}e] 2. 23} 174 0] o] 3<pepat S wa it
= 7 32 S )8 B vk 24 1 A0
B 4k 1,563 L1 4,32 218 ol 83lo] Wolm A
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shick A 32 AT e 1,356.8 mm Q1 A0 =
Uebgow, HolH 3 7] 3 slo] olst At Frak
1,371.4 mm (2020s), 1,557.2 mm (2050s), 1,566.5 mm
(2080s) 2 ZFZF 1.1 %, 14.8 %, T18]3115.5 %7} Z7181= A
© 2 et T3 3b7 324 Wk 2= 6.8 °C 2 LFERG
t}. 7133t o] HtE= 7] | (1980~2011)9] H]
3] 7.4 °C (2020s), 8.7 °C (2050s), 10.3 °C (2080s) 2 Z7}5}
= AS& Yepylth o)= 7|5Hste] o) 2+ 0.6 °C, 1.9
°C, 18]313.5 °C7} 57Feh= Zlo|th Alue] Qo ofgt 7|5
o} A= HY ey, A4y, Btk I8 P 5
< DNDC 2go] o4 Q27 &2 Z-8-513]rt.

2. @O 247tA HEHY

ol A AR £ YA (G sSE A=) et 2104
7H(2002~2011)2] 719 (e, o) ARE o83 247}
2 W& RS Fig. 29} Table 3~49} 7} 9152]212] 2002
FE 2011 d7HA] 9] Hat 79t 7122 1,448.8 mme}
11.5 °C ¢l Aoz ZAIE ) o|u CO,= Hat 51.78 kg
Clhalyr®] @& Eo] g4tz A 02 YERE o, CHy e
U7 FA| 2 9t 2.45 kg C/halyr o] & EoFo] §55k= A
© 2 el RFA N,O+= H4f 35.71 kg N/ha/yro] -2 i
ol A0& Yepton, o] o]gate] A3t GWP=
17.1 t COr-eq./ha/yrQ] Hj&=F O &2 et 2A7IA H|&
o] 73k A EH CO,9t CH, O] v &3 7k A 2
2 UERL O, N0 9] v & o] 7Hasto] 2|23 a kAl 2
(GWP)o| Zhadh= A 0 & Yepyth Teu 2 A1 87k
AR SAe A7 AR E 7HA] 3 v g A3t o 7]
& 24714 0] Agkslrt of ot ohal, gt 2w
3R Q18] Mtz 2471 0] A RS holsh=t]| Eo|
g Aoz Hojzlck



AlRIS- 040l - THH - M - HhRA! - AAK - ZISTH
50 2.25
2.3
0 ——CH4(kgC/ha)
e - 235 wwe Trend line
£ £
£ 50 - < o4
L (9]
] oo
~ x
"g 100 "Iu' 245
(5] ——C02(kgC/ha) o 5
150 «++e+ Trend line
2.55
200 2.6
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Date Date
(a) CO2 (b) CHas
60 30.00
28.00
50 = —— GHG (t CO2-equivalent/ha)
£ 2600 T :
£ ++ Trend line
—_— s 24
@ 40 g 24,00
] ' 22,00
= i
2 8
ap 30 up 2000
= =
° ——N20(kgN/ha) '6 18.00
]
22 -~ Trend line 5 16.00
14.00
10
12.00
0 . 10.00
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Date Date
(c) N2O (d) GHG

Fig. 2 The simulated results of GHG according to measured data at field

Table 3 The simulated results of GHG and biomass based on field management data

Period Precip. Temp. Biomass CO, N.O CHs
(mm) (c) (kgC/ha/yr) (kgC/ha/yr) (kgN/ha/yr) (kgC/ha/yr)

2002 1177.7 1.6 2,055 -165.95 40,22 —2.47

2003 1,868.3 1.4 2,467 -96.87 36.42 -2.38

2004 1,405.0 12.0 1,623 -137.74 34,57 -2.55

2005 1,334.8 1.1 1,192 —85.98 48.23 —2.46

2006 1,659.4 1.6 1,654 —19.47 37.76 —2.46

2007 1,374.9 1.8 2,262 —35.76 38.01 —2.45

2008 1,439.4 1.4 1,220 -0.81 31.39 —2.45

2009 1,446.9 1.5 1,962 38.02 29.59 —2.48

2010 1,581.4 1.0 1,850 —38.00 37.51 —2.40

2011 1,200.3 1.4 3,349 24,77 23.35 —2.40

Avg. 1,448.8 1.5 1,963 -51.78 35.71 —2.45
3. Ol 7|=Halol ot 2ol 2ATIA HIEE o, 7|17 e A EH ot 24.54 kg N/halyr (2020s), 3
A 2R QA E (A BHE 7)o} u]) 7| S ) <t 27.06 kg N/ha/yr (2050s), Zlﬂ‘ﬂ o+ 31.72 kg N/ha/yr
£.Q011-2099)2 0] gol] $Algh ek vzl wigh  COSO9E LR ghete Tluilo] Sls N0 Uy

+=Fig. 3~73} Table 5~6J—}7EE} ig. 59} Fig. 79] (a) 2} 2]
AL 2] ] N2O HJZEEL- 16.66~42.19 kg N/ha/yr 2 UFERyt

o| Z7}sk= A 0 & Yeldth o] 7] A, Fig. 72] box plot-S 7}
7 dete) At sheke] A2 2Nt HghE ofvish, A

BlamEal3l=iA Als78 Az, 2015 « 105
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Table 4 The simulated results of GWP based on field management data

Poriod GWP (kg CO.—equivalent/ha/yr) GHG
CO2 N20 CHs (t COz—eq./hafyr)

2002 —608.0 19,592.9 —69.3 18.92
2003 —354.9 17,7417 —66.8 17.32
2004 —504.7 16,840.5 -5 16.26
2005 —315.0 23,494.9 —69.0 23.1
2006 -Nn.3 18,394.5 —69.0 18.25
2007 -131.0 18,516.3 —68.7 18.32
2008 -3.0 15,291.4 —68.7 15.22
2009 139.3 14,4146 —69.6 14.48
2010 —139.2 18,272.7 -67.3 18.07
2011 90.8 11,374.8 -67.3 11.40
Avg. -189.7 17,393.4 —68.7 17.14

a5 40, e Trend line

€O, (kgC/ha)
Q

N,0 (kgN/ha)

——C02(kgC/ha)
«- Trend line

2051
Dat

2091

2011 2021 2031 2041 2071 2081

2061
e

Fig. 3 The simulated results of CO, according to SRES A1B at field

——CHa4(kgC/ha)

«+ Trend line

CH, (kgC/ha}
o

2091

2041 2051

Date

2011 2021 2031 2061 2071 2081

Fig. 4 The simulated results of CHs according to SRES A1B at field

of e o] AFEE| 90 % A1)} 9], F7HE Ei
10% 4145 52 EAFTE Oh 2011)0] EA]o} & Q~
TejEHs 7 0] S S OJRE QoA e
A MPAISHE N20 0] ufZso] 2.6 kg N/haryro] &)
= ok 2 2ol 7k glek. o]z AAATO] A9 AR A}
ul AUk 17 25810 molslel] o Tk
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Fig. 5 The simulated results of N,O according to SRES A1B at field
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2061 2071 2081 2091

Fig. 6 The simulated results of GHG according to SRES A1B at field

t}. T3} Seo and Kang (2012)-& A3} 9, = S0] Ex]o]&
Lol W2 N0 HiEFS ST 2 N,0 9] HAgfo] 717
T A9 ol siglon, HatdARke] -0.0026
mol/m*/hr (-0.00312 kg N/ha/yr)o| 4] 2o 8.3 umol/m*/hr
(9.96 N ke/halyr) 74 SAbachn s19ick. o] 67497k9)
O 7170 ok 23 AVkRA B Aol 4 AT o7k )
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Fig. 7 The simulated results of GHG according to SRES A1B at field

Table 5 The simulated results of GHG and biomass according to SRES A1B at field

Period Precip. Temp. Biomass CO2 N2O CH,
(mm) (‘c) (kg/ha/yr) (kgC/ha/yr) (kgN/ha/yr) (kgC/ha/yr)
Avg, 1,367.7 1.72 3,214 66.95 24,54 —2.42
2020s Max 1,684.8 12.89 4113 166.36 32.68 —2.24
Min 987.0 10.82 2,165 -10.33 16.66 —2.56
Avg. 1,557.8 13.02 3,508 78.45 27.06 -2.52
2050s Max 2,136.2 14.44 4,136 160.51 36.30 —2.37
Min 1,134.1 11.50 2,548 11.46 18.49 —2.64
Avg. 1,567.1 14.63 3,520 81.07 31.72 —2.61
2080s Max 2,203.7 15.60 4,138 165.13 4219 —2.47
Min 1,084.1 13.47 1,929 7.55 21.06 —2.75
Za) 2 2ol 2 By oFS ELokE 2.0 & ULt 7| ulslo] wkel CH, S5l

[ RS
HAT

919 CHe Wi 9
2.24~2.75 kg C/ha/yr @] OFS 5=

Ao Uehton ko]
sl Ao Lehe. 7]

ZHH 2 Abw HH 202050 Jg{# 2.42 kg C/halyr, 2050s | 3

o 2.52 kg C/ha/yr, Z12] 31 2080s 9] Bt 2.61 kg C/ha/yr2)

7k A e& UETt (Fig. 4). 12y CO, siE%=
-10.33~166.36 kg C/halyr 2 U on, 7|7hd s Ald s
W T 66.95 kg C/halyr (2020s), - 78.45 kg C/ha/yr
(2050s), ~12] 31 B 81.07 kg C/halyr (2080s)2] OFL: HljZ
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Table 6 The simulated results of GHG according to SRES A1B at field

Period GWP (kg CO.—equivalent/ha/yr) GHG
CO; N20 CHq (t CO—eq./ha/yr)
Avg. 2453 11,9547 -67.8 12.1
2020s Max 609.5 15,919.8 —62.8 16.0
Min -37.8 8,115.8 -1.8 8.3
Avg. 292.4 13,239.9 —=70.7 13.5
2050s Max 588.1 17,683.3 —66.5 17.9
Min 73.3 9,007.3 —74.9 9.2
Avg, 302.8 15,480.9 —73.0 16,7
2080s Max 605.0 20,552.6 —69.3 20.9
Min 277 10,259.2 =771 10.4

Z 02 YERY CO9| Hj&=2 7] 5 3to]| ofsf Hx;
Z7}she Ao 2 Uehgdt) (Fig. 3). N;OSF CH, 18] 31 CO,
o] ulj &5k 113 GWP vl &F2] 74-9- Fig. 4~59] (d)2F &
0] 8.3~20.9 t COx/ha/yre] W o]z Uehton, 7|71
T 12.1 t COx/halyr (2020s), 13.5 t CO/halyr (2050s), 1]
T15.7 t COx/halyr (2080s) 2] LA 7}AT} HiZE = Ao &
UeR} 7] S S]] of3f) Bhof| A MY SH= 2417k vl & w0
7kl AR Uit 53] 7|l 93k N0}
CO, 18] GWP+= Z=pigat %7t S715ke]| uheh F7fst
= AT e o, CHy = Bh|Este] Eqkd| S+
ofo] Z7}sh= A 0 & LpeRgt). o]=Kim et al (2008, 2010)
o] aGbofl A 2ATIA HiETHE ST At ER=0t
CO, &= Ho] AtA 7L kil stgl o, Bk
I =7t =35 N0 viEsFo| S7keitte 2ot &
A3t Aafo|r. whapa] oA WA Sz AI7EA A7 9
A =N02ECOr 5ol 578 Tl 7] FHstol| kS m]%]|
= RS A Slg o] B Qs A o 2 HofXIth
FFo] A9 2ATIAE SA8k= AR 7] 1Al 24
Hol| whet vijEwFo] 2k A-tAutc vl theket AutE U
o, Zheakat 72, e oL AlH|EF 52 thekst 270
A v ETFo] MgtE] 7] wio) et ARE fsiA= &
A7 & Tl FE = EGY] ol AlR[EF ol i
SHA7I7e] BT o] H QS A 0 & Hojxch
Aul2HE, EYEA, 424, =Lt AE 59 95
of whe} Wskeh= 2ATFA WiEEE R O3t Ai}i= Table
7~83}Fig. 8~113} 2}, o] Ao} Zho] CH, 9] vl & ¢ 5
T2 T HEPT gl A 0= YERTE B3HC0.2EN0 71
23 GWP+= F=0]9] gkt AH-5o) oJgt et A2 Ao =
et 12Ut AEa v = 2] ¢Fo] 571 39 N.O7L 5
7ksto] 2AZIATY STFsE AR YE o, wdolE

o k]
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BA) QL (A HHEL AT 79 N,0 Wi o] Z715)
of AR e F7lsHe Ao ueRdth 1o
Gregorich etal. (2005)2] 9-Lof 9J31H AL S T A&
po] eheo] 4 S715H4 QITHL ST, ol =
Bha Aol RS s A0 e i g, mako) 4
Bf], B o] B9l 1]l BoF 5= (soil fauna)of whet
2HA]7] wiZol2haL sFgiek EFe] o] Hakgte] whef A
%= (Sandy loam)of|A] A EA FhiaFo] F7IsHAU FHEA
T 2715 mOld AT N.O WiETo] Z7kste] £
7k v & o] S7ksk= Al 02 YElgTh o]= Kravchenko
(2002)°] FAEFo] H|s AP EFE] AR of| A NLO vl
&gFo] Wolxlthal gt Ae} 5 Ut Aatolch Wit = AF
] 2] A}g8F0] 7143 44 CONPN0 0] W& o] 71ist
o LAZKAE i A0 Uehtor], mope] 49w
U7 IR 2= AR of| A FEALE (loamy sand) = EFE ¥
74 79 N,0 vjEo] S7Fsto] 247kA ujEwol 57t
sh= 0.2 Lrebelrh, oloh ol Wl WAlsh: whEee
Zpeaal o] ofgt o M of ek ] 29} A8 0] AL
st mabo] A (=4 W Aol uhet 27k vl gol
A3} wfiol| ol A Aok vl Ed-2 Eol 7] flaiAl=
a5 Aeislr] 1t 278 vl m S Akl Eg A At
E4o] 27l0R HES Aujsto] ]z 7] Tl He
At e o= AV iSRS A art e A
o7 HoZAch

]
4l

vz E
B AP GHUSARt B ol §5to] WollA]
She SIS mojst, 7] FHsl] T2 el 2A7kA



Table 7 The simulated results of GHG according to fertilizer and manure at field

Period Gip Fertilizer Manure CO N20 CH, GHG
(kg N/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (t COz—eq./ha)
2020s 15.4 26.7 2.4 13.0
2050s 1,800 78.4 271 -25 13.5
2080s 81.1 317 -2.6 15,7
2020s -94.4 31.9 -25 151
2050s (350-15, 96) 2,700 29.3 31.7 27 15,5
2080s 418 37.6 -2.9 18.4
2020s 124.6 21.4 2.3 10.8
2050s 900 128.6 222 -2.3 1.2
2080s 120.4 256 2.2 12.8
2020s 15.4 21.3 24 10.4
2050s z (200-15, 96) 78.5 217 -25 10.8
2080s d 81.1 26.1 -2.6 12.9
2020s i 15.4 32.1 2.4 15.6
2050s i (500-15, 96) 78.4 324 -25 16.0
2080s 81.1 37.4 -2.6 18.4
2020s 15.4 26.6 2.4 12.9
2050s (35015, 50) 1,800 78.5 27.0 -25 13.4
2080s 81.1 31.7 -2.6 15,7
2020s 15.4 26.9 2.4 13.1
2050s (350—15, 150) 78.4 271 25 13.4
2080s 81.1 31.7 —2.6 15,7
2020s 15.4 271 2.4 13.2
2050s (35015, 200) 78.4 271 2.5 13.4
2080s 81.1 31.8 -2.6 15.7

Table 8 The simulated results of GHG according to cropping at field

Period Crop Tillage Land—use (kg?rfa) (kgjch)a) (kg?r:a) (tCOzCiZ(:_/ha)
2020s -17.3 30.3 —2.6 14.3
2050s Only mulching 212 31.1 -2.8 151
2080s 23.1 35.1 -3.0 17.1
2020s 12.7 25.0 —2.6 12.1
2050s Z Loamy sand 87.4 252 2.7 12.5
2080s d 88.8 281 2.7 13.9
2020s i 97 322 -2.3 15.7
20505 s Ploughing Wth | - i1 1o 80.8 33.0 24 16.3
| h moldboard
2080s 85.0 39.8 —25 19.6
2020s -9.8 39.1 2.1 18.9
2050s Loam 92.4 39.0 —22 19.3
2080s 985 46.4 23 229

Bl=s-galsl =73 Als7d A4z, 2015 109
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Fig. 9 N2O variation by fertilizer and manure applications at study
field

WRZ T} w2 A7 eke mAlsgth SAvkA mol
TFGWPE 17.1 £ COs-eq./halyr 2 CO,9HCH, 0] Hj Z2ko =
FF5He 102 LehgoL), No0] HEepo] Zasto] A7t
LS (GWP) o] ZAsh= Ao 2 YEldT) E31 7]
S| 2 24714 W= GWP 8.3~20.9 t COx/ha/yr
o) wjolz Upeptom, 7|7 & B3t 12.1 t COyhalyr (2020s),
13.5 t COx/ha/yr (2050s), ZL2]11.15.7 t COx/ha/yr (2080s) 2]
SATFATH S EE A S ' UER 7] 3 Sto]) o5 hofA]
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Fig. 11 GWP variation by fertilizer and manure applications at
study field
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